OBJECTIVE Interbody fusion cages are widely used to achieve initial fixation and secure spinal fusion; however, there are certain technique-related complications. Although anterior cage dislodgement can cause major vascular injury, the incidence is extremely rare. Here, the authors performed a review of anterior cage dislodgement following posterior lumbar interbody fusion (PLIF) surgery. METHODS The authors retrospectively reviewed the cases of 4625 patients who had undergone PLIF at 6 institutions between December 2007 and March 2015. They investigated the incidence and causes of surgery-related anterior cage dislodgement, salvage mechanisms, and postoperative courses. RESULTS Anterior cage dislodgement occurred in 12 cases (0.26%), all of which were caused by technical errors. In 9 cases, excessive cage impaction resulted in dislodgement. In 2 cases, when the cage on the ipsilateral side was inserted, it interacted and pushed out the other cage on the opposite side. In 1 case, the cage was positioned in an extreme lateral and anterior part of the intervertebral disc space, and it postoperatively dislodged. In 3 cases, the cage was removed in the same operative field. In the remaining 9 cases, CT angiography was performed postoperatively to assess the relationship between the dislodged cage and large vessels. Dislodged cages were conservatively observed in 2 cases. In 7 cases, the cage was removed because it was touching or compressing large vessels, and an additional anterior approach was selected. In 2 patients, there was significant bleeding from an injured inferior vena cava. There were no further complications or sequelae associated with the dislodged cages during the follow-up period. CONCLUSIONS Although rare, iatrogenic anterior cage dislodgement following a PLIF can occur. The authors found that technical errors made by experienced spine surgeons were the main causes of this complication. To prevent dislodgement, the surgeon should be cautious when inserting the cage, avoiding excessive cage impaction and ensuring cage control. Once dislodgement occurs, the surgeons must immediately address this difficult complication. First, the possibility of a large vessel injury should be considered. If the patient's vital signs are stable, the surgeon should continue with the surgery without cage removal and perform CT angiography postoperatively to assess the cage location. Blind maneuvers should be avoided when the surgical site cannot be clearly viewed. When the cage compresses or touches the aortic artery or vena cava, it is better to remove the cage to avoid late-onset injury to major vessels. When the cage does not compress or touch vessels, its removal is controversial. The risk factors associated with performing another surgery should be evaluated on a case-by-case basis.
T echnological advances and good surgical results in posterior lumbar interbody fusion (PLIF) have made the procedure a popular choice for spine surgeons. However, complications associated with PLIF procedures that lead to poor surgical outcomes have been reported. Most perioperative cage misplacements are posterior or due to cage subsidence. 1, 2, 8, 13 Anterior cage dislodgement can cause serious problems because once the cage drops anteriorly, it becomes very difficult to maneuver and remove it from the same operative field. It may also be difficult to even identify the cage position. Injury to the aorta or inferior vena cava (IVC) could cause fatal complications. 4, 15, 20, 24 However, the incidence of anterior cage dislodgement is extremely rare, and few cases have been reported. 3, 6, 7, 21, 22 Here, we report 12 cases of surgeryrelated anterior cage dislodgement; identify the cause, treatment, and postoperative course; and suggest how to deal with this complication based on our experience. To the best of our knowledge, this is the largest case series reported in the literature.
Methods
After receiving approval from the institutional review boards of 6 participating major spine referral centers, we retrospectively reviewed the cases of 4625 patients who underwent PLIF for lumbar degenerative diseases, such as spondylolisthesis, degenerative scoliosis, and lateral disc hernia, between December 2007 and March 2015. Our PLIF indications and procedures of each center were based on previous reports. 5, 9, [16] [17] [18] 23 We collected clinical data, operative notes, and imaging data for patients who had experienced perioperative anterior cage dislodgement. The incidence and causes of surgery-related anterior cage dislodgement, potential salvage mechanisms, and postoperative courses were investigated.
Results
Anterior cage dislodgement occurred in 12 patients (0.26%; Table 1 ). In 9 cases, excessive cage impaction to attain optimal cage positioning in the anterior portion of the intervertebral disc resulted in dislodgement. In 2 cases, when the cage on the ipsilateral side was inserted, it interacted and pushed out the other cage on the opposite side. In 1 case, the cage was positioned in an extreme lateral and anterior part of the intervertebral disc space, which migrated and was found during radiographic examination on postoperative Day 4 before ambulation. Fluoroscopy control during cage placement was only used in 1 case.
The cage was immediately surgically removed from the same operative field in 3 cases. In the remaining 9 cases, CT angiography was performed after the operation to assess the location of the dislodged cage and whether large vessel or internal organ injury had occurred. In 7 of these cases, additional salvage surgery was performed via a retroperitoneal or transperitoneal approach. Eight patients underwent cage removal without any adverse events, and 2 patients sustained serious vascular injuries. The 2 patients were conservatively observed because CT angiography showed that the dislodged cages were in a relatively safe position with no vessel compression, and there were no further complications or sequelae associated with the cages during the follow-up period.
Illustrative Cases

Case 1
A 64-year-old woman with a history of degenerative scoliosis presented to the outpatient clinic with severe right low-back and leg pain that increased with walking. She underwent posterior fusion surgery from T-12 to L-5. A sublaminar taping system was placed at T-12, and a bilateral pedicle screw system was placed at L1-S1. Unilateral facetectomy and discectomy were performed at the right L2-3, L3-4, L4-5 and the left L5-S1 levels. The disc height at the right L2-3 level before surgery was 2 mm due to scoliosis. To modify the scoliosis, we had planned to place a 9-mm-high cage before the operation. After shaving, a maximal opening of the right L2-3 disc space was obtained using a spreader and a 9-mm trial spacer, and a 9-mm-high box-type cage was tapped into the disc space. After taking off the introducer and assessing the depth of the cage, more tapping to facilitate an optimal cage position was made using a final impactor, which was not locked with the cage and caused an anterior cage dislodgement. Intraoperative radiography showed that the cage was located in the anterior region. There was no severe bleeding from the retroperitoneal space, and the patient's vital signs were stable; therefore, cage removal was not attempted, and the operation was continued. Another cage was then meticulously inserted into the same L2-3 disc space, and the remaining cages were inserted at the right L3-4, L4-5, and left L5-S1 levels. The operation was completed without any further complications. Postoperative CT angiography performed immediately after the operation showed that the cage was near the right side of the IVC, but it did not seem to compress or indent any major blood vessel or internal organ. The patient was carefully monitored with CT angiography and radiographic examinations on a regular basis without the need for further surgical intervention. At the last follow-up at postoperative Month 36, there was only minimal movement change with cranial angulation, and there were no sequelae associated with the cage dislodgement ( Fig. 1 ).
Case 3
An 81-year-old woman with a history of degenerative scoliosis presented to the outpatient clinic with complaints of neurogenic claudication and severe low-back pain. She underwent posterior fusion surgery at L4-5. A bilateral pedicle screw system was placed at L4-5, and a bilateral laminotomy and discectomy were performed at the L4-5 level. The disc height before surgery was 8 mm. After shaving, a 10-mm opening of the L4-5 disc space was obtained using a spreader, and 9-mm-tall box-type cages were inserted in both sides without any resistance. After bilateral cages were inserted into the L4-5 disc space, intraoperative radiography was performed that unexpectedly showed right cage dislodgement into the retroperitoneal region. The second left cage had pushed out the right cage that had already been inserted. The left cage was immediately removed, and arthroscopy was used to check the location of the dislodged cage and bleeding from the peritoneal space. Because an arthroscopic view provided no evidence of bleeding in the retroperitoneal space and accurate cage location, the dislodged cage was safely extracted under an arthroscopic view. Another cage was inserted, and the operation was completed without further incident. The patient's postoperative course was uneventful (Fig. 2) . 
Case 9
A 67-year-old woman with a history of degenerative scoliosis presented with severe low-back and lower-extremity pain that increased with walking. She underwent posterior fusion surgery at L1-S1. A bilateral pedicle screw system was placed at L1-S1, and a unilateral facetectomy and discectomy was performed at the left L2-4 and right L4-S1 levels. After shaving and height opening of the disc space using a spreader and trial spacer, cage insertion at the left L2-4 and right L4-5 levels was performed without any incident. When the 9-mm-tall cage was inserted into the right L5-S1 disc space (the height before surgery was 6 mm), excessive impaction by a final impactor to achieve an optimal cage position caused anterior cage dislodgement. During an attempt to capture the cage with its introducer, the cage slowly dislodged farther anteriorly. Fortunately, there did not appear to be any severe bleeding from the retroperitoneal space, and the patient's vital signs were stable. We decided not to remove the cage, and another cage was carefully inserted in its place. The operation was completed without further incident. Immediate postoperative CT angiography showed that the dislodged cage was very close to the right common iliac artery and compressing the IVC. The patient was transferred to another hospital, and the dislodged cage was removed via a transperitoneal approach on postoperative Day 13. The patient's postoperative course was uneventful (Fig. 3) .
Case 10
A 64-year-old woman with a history of degenerative scoliosis presented to the outpatient clinic with severe low-back pain. Posterior spinal fusion surgery from L-1 to L-5 was performed. The preoperative L2-3, L3-4, and L4-5 disc heights on the concave side were approximately 5, 7, and 7 mm, respectively, which we planned to extend. A bilateral pedicle screw system was placed at the L1-5 levels, and a bilateral laminectomy was performed at the L1-2, L2-3, L3-4, and L4-5 levels. After adequate disc preparation, 6-, 8-, and 8-mm disc height spreading and interbody spacer trial was achieved at the right L2-3, L3-4, and L4-5 disc spaces, respectively. The box-type cages with a similar spreading height were placed with a distraction force on the pedicle screws without incident. Postoperative radiography showed that the right L4-5 cage was placed too far laterally and anteriorly but was not dislodged. On postoperative Day 4, before ambulation, cage dislodgement into the peritoneal space was found on radiography. CT angiography showed that the cage remained close to the right common iliac vein and seemed to compress it. Although the patient underwent conservative follow-up without any complications, it was later decided that the cage should be removed via a transperitoneal approach. The patient's postoperative course was uneventful with no long-term sequelae (Fig. 4) .
Case 11
An 85-year-old man presented to the outpatient clinic with a lateral lumbar disc herniation with degenerative spondylosis. He underwent posterior fusion surgery at L3-5. A bilateral pedicle screw system was placed at L3-5, and a unilateral facetectomy and discectomy was performed at the right L4-5. The disc height before surgery was 4 mm, and we planned to use a 7-mm-tall cage. After 7-mm height spreading and a spacer trial were performed, a 7-mm-high box-type cage was implanted and tapped through an introducer. Excessive impaction caused perforation of the anterior longitudinal ligament, which resulted in significant venous bleeding; the patient's blood pressure dropped to less than 60 mm Hg. The cage was promptly removed because it was still locked with the introducer. The source of bleeding could not be identified in the operative field; hemostatic materials were packed into the L4-5 disc space to control the bleeding. The patient's blood pressure was maintained using 4 U of packed red blood cells and 6 U of fresh frozen plasma. The surgery proceeded, and the incision was closed in layers. Postoperative CT angiography showed an IVC injury, around which IVC hematomas, hemostatics, and migrated bone grafts were present. On postoperative Day 3, both legs, including the inguinal and gluteal regions, became swollen and the scrotum reached a size of 12 cm. Angiography showed severe IVC compression and deep vein thrombosis. An IVC filter was inserted, and anticoagulation therapy with warfarin was initiated. The swelling gradually disappeared over the following 8 weeks. At the last follow-up at 29 months, the patient had no radicular pain or swelling (Fig. 5) .
FIG. 2. Case 3. A: Intraoperative radiograph showing cage dislodgement (arrow). B and C:
The hemorrhage was checked, and the cage was extracted using arthroscopy. The arrows indicate a probe that was used to maneuver the cage. D: After cage removal, the extracted cage was replaced, and the operation proceeded without event.
Discussion
We report 12 cases of surgery-related anterior cage dislodgement that were adequately treated without serious sequelae. One of the most serious complications after cage dislodgement is a vessel injury, which occurred in 2 of our cases. If catastrophic bleeding occurs next to a dislodged cage, surgeons attempt to control the bleeding by packing the disc space with anticoagulant materials. In one case, the surgeon was able to control the bleeding using such a method and maintained circulatory dynamics without directly exploring the source of the bleeding. If bleeding cannot be controlled in this manner, surgeons must immediately turn the patient and detect the source of bleeding and control it via an anterior approach. 20 If cage dislodgement has occurred with no significant bleeding and the patient's vital signs remain stable, then it is not an emergency, and the operation should be continued as planned. Postoperative CT angiography should be performed as soon as possible to check the cage position relative to large vessels, and then the surgeon must decide whether to remove the cage. When the cage does not compress large vessels or other intraabdominal organs, observation is an option. Ceylan et al. 6 reported 3 cases of conservative treatment for cage dislodgement and claimed that early cage removal was not necessary unless an intraabdominal organ or vascular injury developed. However, there are some cases in which a misplaced screw or migrated bone grafts have caused compression and irritation, resulting in a postoperative deep vein thrombosis or aortic pseudoaneurysm, and the risk of leaving a dislodged cage in place remains unclear. [10] [11] [12] 14, 19, 25 Therefore, we recommend that a dislodged cage should be removed even if large vessels and intraabdominal organs are not compressed. We should evaluate the risk factors associated with performing another operation on a case-by-case basis and include data such as patient's medical history, age, and physical status.
Removing the cage from the same posterior surgical field is an approach that was performed in 3 of our cases. Arthroscopy was used to check the cage position and safety in 2 of these cases. However, in the remaining case, the cage was removed promptly, and the IVC injury was accompanied by significant bleeding. When the surgical view is not clear, blind maneuvers should be avoided, and anterior salvage surgery should be considered.
The other IVC injury occurred while performing an anterior salvage. In this case, the cage had dislodged into the IVC, and a laceration occurred during cage removal. It resulted in clamping of the IVC and both common iliac veins. Thus, we emphasize the importance of including a vascular surgeon on the surgical team. In this way, he/she can assist with the anterior portion of the procedure and contribute to planning the procedure if a major vascular injury is suspected. In our cases, all cage dislodgements were due to technical errors, the most common of which was excessive cage impaction (9 cases). Anterior longitudinal ligaments at- tach firmly to the anterior surfaces of the vertebrae and are not strong on the lateral side. Therefore, the cage should not be pushed too much when attaching it to the lateral part of the intervertebral disc space. Cage dislodgement is more likely to happen when a box cage is used instead of a boomerang cage. One of the underlying factors of this complication is degenerative scoliosis, where rotation of the vertebrae can lead to an anatomical disorientation of the surgical field. Surgeons should pay close attention in such cases. We should also be cognizant of the patient's osteoporotic condition, which could lead to a fracture of the endplate of the ventral disc attached by the ligaments and subsequent cage dislodgement. An oversized cage to gain maximal disc height needs powerful impaction that tends to cause excessive impaction, and a severe stretch of disc space results in the destruction of the anterior longitudinal ligament and the ventral disc endplate. In most cases we used cages that were almost the same size as the disc height. Measuring the disc height by CT or radiography before the operation is needed. If insertion of an oversized cage is required or planned, then careful cage insertion is necessary. Another error was the misdirected impaction of the second cage, which occurred in 2 of our cases. When the intervertebral disc space is small, the first box cage is suspected to be in the center of the intervertebral disc space, and it is difficult to insert 2 cages, the surgeon should not insert the second cage. In these 2 cases, the surgeons could have avoided or paid attention to the risk of anterior cage dislodgement preoperatively by measuring the intervertebral disc space.
Intraoperative fluoroscopy was only used in 1 case. Without fluoroscopy control, we have to unlock the introducer from the cage to assess the cage position by a depth gauge, and then perform impaction with a final impactor that is not locked to the cage. We believe that this leads to uncontrolled impaction. Therefore, fluoroscopy control could be useful to prevent excessive final impaction to achieve an optimal cage position. However, cage dislodgement occurred in 1 of our cases, and Ceylan et al. reported 3 cage dislodgements under fluoroscopy control. 6 We must keep in mind that fluoroscopy control does not prevent anterior cage dislodgement perfectly.
To prevent anterior cage dislodgement caused by technical errors, we suggest noting some key points prior and during the procedure. First, it is important to make a detailed plan before surgery and check the small intervertebral disc space or for degenerative scoliosis. Second, although intraoperative fluoroscopy is helpful, it cannot be used in every case. In cases in which there is anatomical disorientation, not only the lateral view but also the anteroposterior view are useful in preventing lateral misplacement. Third, the use of an oversized cage should be avoided because it requires strong impaction, and controlling the force is difficult. Sufficient shaving, distraction of the intervertebral disc space, and performing a cage trial would be useful to avoid excessive cage insertion. We have to bear in mind that severe stretch of the disc space could lead to the destruction of the anterior longitudinal ligament and ventral disc endplate. Finally, most cage dislodgements occurred during final impaction after detaching the holder. Therefore, we should endeavor to set appropriate cage positions before detaching the holder and avoid using a final impactor.
Limitations
This was a multicenter retrospective study. There were some differences regarding PLIF indications and procedures between the centers, although they were fundamentally based on previous reports.
Conclusions
Surgeons should keep in mind that anterior cage dislodgement could occur in every case. Our study revealed that technical errors by experienced spine surgeons were the main causes of this complication. Once it occurs, the possibility of large vessel injury should be considered. We hope that our study will help others prevent or cope with this serious complication.
